A kinetic theory description of sound propagation in a simple gas is presented. The results are in very close agreement with experiment through all values of Knudsen number.
INTRODUCTION
THan E description of sound propagation arising from oscillating piston (forced sound waves) under normal conditions, in a simple gas, is adequately de-this method beyond normal belief. Nevertheless, for Kn of 0(1) and larger, the results are quite poor. (For a possible explanation of this, see Sec. IV, comment 4, in the closing section of this paper.)
In this paper, a new kinetic-theory approach, based on kinetic models, 8-•ø is taken. Agreement between the above cited experiments and the present theory is extremely good. An analytical account of this theory, mainly based on the (BGK) (Ref. 8) model, has already been discussed. n.12 In the present paper, much more elaborate models are considered and the results of a numerical investigation are also presented. In a companion paper la (henceforth referred to as I), the nature of sound waves arising from an initial disturbance (free sound waves) is studied. Since many features and formulas are closely related in the two investigations, frequent reference is made to I.
I. GOVERNING EQUATIONS
A'general theory of models of the Boltzmann equation was first presented by Gross and JacksonY Some extensions and modifications were given by Sirovich •ø and a description of this technique suited to the present problem is to be found in I. In order to present a coherent account of our work, a brief development of kinetic models is now given.
The one-dimensional linearized Boltzmann equation •aL. Sirovich and J. K. Thurber, in Rarefied Gas Dynamics (Academic Press Inc., New York and London to be published).
Henceforth referred to as I.
•4 See, for instance, S. Chapman and T. G. Cowling, The Mathematical Theory of Non-Uniform Gases (Cambridge University Press, London, 1952). To obtain kinetic models, we write The results of these calculations are described in Sec III.
In order to complete the specification of the problem, it is necessary to give the constants Xmn. These, of course, depend on the gas. More specifically, they depend on the nature of the intermolecular force between gas particles. Two different gas laws are considered: rigid spheres and Maxwell molecules. These represent the limits of hard and soft potentials for a neutral gas. Tables of  these are 
The constants X•t have been computed• and
we take for the normalized attenuation rate a/•o= aao/ •= aXo/ 2•r.
Based on the adiabatic sound speed a0,/go is an equivalent wavenumber and X0 the corresponding equivalent wavelength. The speed of propagation is •9 In using these appellations for the Kn ranges, we are following the customary practice in kinetic theory. But the usual connotations are lost. For instance, Kn>>l does not signify a collisionless gas.
• Regarding the speed-ratio plots, Figs. 7 and 9, it can be said that the 8-and 11-moment models are in good agreement with experiment for both Maxwell molecules and rigid spheres. The latter gas model, however, seems decidedly closer to experiment for larger values of Knudsen number. The superiority of rigid spheres in describing the speed ratio is also borne out by the curves of Pekeris et al. The latter for rigid spheres falls away from experiment in the Knudsen range. The 11-moment model seems to give the best fit with experiment in this region. As might be expected, the Navier-Stokes speed ratio becomes poor when out of the continuum range.
The attenuation-rate curves, Figs. 8 and 10, offer the widest separation in theoretical prediction. With the exception of the Navier-Stokes curve (which diverges from experiment even in the continuum range), all curves show good agreement with experiment in the continuum as well as part of the transition range. After this, only the kinetic models are in agreement with experiment. Again, the rigid-sphere description is in better agreement and, in fact, the 8-moment rigid sphere is certainly in exceptional agreement with experiment. As in the case with the speed ratio, the l 1-moment is at its worst in the transition region, but even here it is less than 10% off the mean experimental values.
IV. REMARKS AND CONCLUSIONS
1. In addition to employing argon, Meyer and Sessler • also used H•., a gas with internal degrees of freedom, and air, a complicated mixture of gases. Naturally, the results found for each of these gases differed from each other. However, in the Knudsen region, strong agreement between all the experimental results, and hence with the present model equations, is found. This indicates that at relatively high frequencies the internal degrees of freedom do not have an opportunity to be excited (the associated time scale i• always larger than the time between collisions) and therefore under such conditions these more complicated gases behaved as a simple gas. This suggests that for any gas one should use the appropriate continuum theory such as NavierStokes, Burnett, super-Burnett, etc., to give low-frequency data and then match this to the simple gas theory at high frequencies.
2. The results of the kinetic models extend well past the existing experimental values, and indeed sufficient calculations have been obtained to extend the results past those that have been plotted. It seems unlikely, however, that experiments can be performed for such a high Knudsen-number range. The basic difficulty is that a disturbance or oscillation issuing from the wall does not resolve itself into a sound wave until the signal has moved a distance comparable to the mean free path. At distances of less than the mean free path, one has essentially free flow and, hence, in this region one would essentially be measuring the wall distribution function itself. Naturally, since the e-folding distance is small as compared with the mean free path for large Kn, a signal seems to imply that if the series is convergent it also only has a finite radius of convergence (since a finite Taylor expansion of the dispersion relation does not contain the finite radius of convergence). Simple examples illustrating just this point are easily produced. If the state of affairs is as we concluded, then no truncated system, no matter how large, can hope to give results in the Knudsen (also probably the transition) region. It would therefore seem that this method furnishes extremely precise results in the continuum (and part of the transition) region. Since the intermolecularforce law is at best an approximation, the import of precise results becomes questionable.
5. In Sec. II, we were careful to refer to solutions of the dispersion as giving "possible" plane-wave solutions. Also, we used the Laplace transform rather than the customary normal-mode approach to such problems. This has been done advisedly. One may show that for each kinetic model no plane sound wave exists after some frequency. This critical frequency, however, depends on the particular kinetic models. By increasing N in Eq. (14), the critical frequency is also increased. It therefore depends on the model and, hence, is not physical. As a consequence of using the Laplace transform, the locus of plane-sound-wave modes possesses an analytic continuation. The locus of sound-wave modes for large N is in close agreement with the analytic continuation for lower-N models. This suggests the use of the analytic continuation in predicting sound propagation when past the critical frequency of some particular model. We have done this in presenting the data.
The critical values are given in Table I 
